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Abstract: Unhealthy diet and physical inactivity—major risk factors for the main non-communicable
diseases—can be addressed by mobile health applications. Using an evidence-based systematic review
design, we analysed studies on mobile applications to foster physical activity to determine whether
they met the objective of increasing adults’ physical activity. A bibliographic search was conducted
in October 2020 using PubMed, Cochrane Library Plus, Biomed Central, Psychology Database,
and SpringerLink, retrieving 191 articles. After titles and abstracts were reviewed, 149 articles were
excluded, leaving 42 articles for a full-text review, of which 14 met the inclusion criteria. Despite
differences in study duration, design, and variables, 13 of the 14 studies reported that applications
were effective in increasing physical activity and healthy habits as dietary behaviour. However,
further longer-term studies with larger samples are needed to confirm the effectiveness of mobile
health applications in increasing physical activity.

Keywords: physical activity; mobile health; smartphone; exercise; review; telemedicine;
health promotion; health-related interventions

1. Introduction

The main risk factors for the most important non-communicable diseases (cardiovascular
conditions, type 2 diabetes, and certain types of cancer) are unhealthy eating habits and physical
inactivity, which both greatly contribute to the global burden of morbidity, mortality, and disability [1].
Estimates for Europe indicate that more than a third of adults are not sufficiently active. The WHO
European Region study entitled “Integrating Diet, Physical Activity and Weight Management Services
into Primary Care” [2] confirmed the high European incidence of non-communicable diseases,
accounting for 77% of the disease burden and nearly 86% of premature deaths. In 2016 the global
prevalence of insufficient physical activity was 27.5%, and in high-income countries was more
than double (36.8%) that of low-income countries (16.2%). Furthermore, in high-income countries,
the incidence of insufficient physical activity has increased over time (31.6% in 2001) [3]. For the
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WHO European Region, two recommendations to tackle the epidemic of non-communicable diseases
include a wide range of actions aimed at reducing risk factors, with primary care signalled to play
“a fundamental role in the provision of services to promote healthy diets, involve people in the practice
of physical activity, and help patients in weight management.”

The WHO defines physical activity as “any bodily movement produced by skeletal muscles
that requires energy expenditure”, indicating that it is “a fundamental means of improving people’s
physical and mental health” [1]. This further indicates that physical activity should not be confused
with exercise, as the latter is “a subcategory of planned, structured, and repetitive physical activity”,
whereas “physical activity includes exercise as well as other activities which involve bodily movement
and are done as part of playing, working, active transportation, house chores, and recreational
activities.” Participation in “150 min of moderate-intensity aerobic physical activity throughout the
week or do at least 75 min of vigorous intensity aerobic physical activity throughout the week or an
equivalent combination of moderate- and vigorous-intensity activity is estimated to reduce the risk of
ischemic heart disease by approximately 30%, the risk of diabetes by 27% and the risk of breast and
colon cancer by between 21 and 25%”. Mental health also benefits from physical activity, as stress,
anxiety, and depression are reduced, and the effects of senile dementia or Alzheimer disease can
be delayed [4].

A 2014 study entitled “Nutrition: The Impact of Smartphone Apps on the Nutrition Industry” [5]
estimated that the global smartphone market would grow in 2017 to 3.45 billion users, and predicted
an upsurge in applications (apps) specialized in nutrition, health, and fitness. A 2019 Spanish report
on mobile use in Spain and worldwide indicates that 31.3 million people in Spain are smartphone
users and estimates that 67% of all internet connections in the world are made from a smartphone.
According to the same report, in 2018, 194 billion apps were downloaded worldwide (9% more than
the previous year), 21.9% of smartphone users possessed a smartwatch, and lifestyle applications were
the seventh most downloaded apps for iOS, Apple Inc., Cupertino, CA, USA [6].

Mobile apps can be effective in improving health outcomes and may come to be considered
a means to developing cost-effective and scalable interventions. However, for interventions to
effectively increase physical activity they need to motivate people to undertake behavioural change,
offer realistic goals that can be combined with primary care guidance, and provide regular feedback on
activity levels [7].

The use of mobile apps aimed at promoting physical activity linked to a healthy diet could
further health education and help reduce non-communicable disease rates or, at the very least, enable
monitoring and control of these diseases. Numerous reviews have already been carried out to determine
the efficacy of health apps for weight reduction [8,9]. However, more interventions are necessary as well
as subsequent reviews of apps that, either specifically or within a larger study, monitor physical activity
to determine whether this increases/is maintained over time in response to appropriate motivation,
given the risk that physical activity levels may taper off once an intervention ends [10,11].

The objective of this study, therefore, was to analyse the effectiveness of interventions based on
mobile apps aimed at increasing physical activity.

2. Materials and Methods

We performed a systematic review of randomized clinical trials (RCTs) evaluating app efficacy in
increasing physical activity. Electronic databases (PubMed, Cochrane Library Plus, Biomed Central,
Psychology Database, and SpringerLink) were searched for articles published up to 23 October 2020.
The following keywords and MeSH terms were used for the search: physical activity, physical fitness,
cell phone, mobile app, sport, exercise, and smartphone. Boolean operators (AND, OR) were used
to expand, exclude, or join keywords in the search. The search only considered RCTs conducted
in adult humans whose results reflected changes in physical activity. The review is not restricted
to comparing no app use groups and app use groups. The initial search, limited to publications in
English and Spanish, was expanded by using the snowball technique to identify relevant articles in the
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references of retrieved articles [12]. The AMSTAR [13] and PRISMA [14] checklists were used to ensure
the quality of the review. The risk of bias was assessed using Consolidated Standards of Reporting
Trials (CONSORT) checklist [15] and disagreement regarding bias and the interpretation of results was
resolved by consensus discussions.

Study Selection

A total of 191 studies were identified, whose titles and abstracts were reviewed against the inclusion
and exclusion criteria (Table 1). After the review of titles and abstracts, 149 articles were excluded,
42 underwent a more detailed review consisting of reading the full text, and 14 articles were considered
to meet the inclusion criteria. The main reasons for excluding articles were that the studies were not
RCTs, only described study design, had reference populations that were non-adult, were missing
data on physical activity variations, referred to improvements to apps, and were exclusively based
on a website or SMS delivery (Figure 1). Studies in which participants might have some difficulty
performing physical activity were not excluded if the objective of the study was aimed at improving
it. To ensure the maximum reliability of the information collected from each article, the analysis was
performed by two independent researchers [16]

Table 1. Inclusion and exclusion criteria.

Inclusion Criteria

RCT: use of mobile apps that promote exercise and/or physical activity.
Language: English or Spanish.
Study population: adults (18 years and older).

Exclusion Criteria

Opinion articles, editorials, and commentary interpreting published results.

Several articles published on the same study by the same authors: the latest study was selected, and all other
studies were excluded.

Informative material.

Interventions based exclusively on websites or SMS use (not on app use).

Retrieved and reviewed articles

(abstracts)

Excluded articles N = 146

(n=44) Not aiming to increase physical activity
(n=38) Preliminary studies

(n=19) Not RCTs

(n=10) Duplicates

(n=17) Interventions via SMS5 or website (not app)
(n=12) Non-adult reference populations
(n=5) RCT design

(n=1) App improvement study

X

Reviewed articles (full text)
N=37

Excluded articles N =22
(n="7) Intervention via SMS or website (not an app)
(n=5) RCT design

(n =4) Not aiming to increase physical activity

(n =2) No numerical data available
(n=1) Not an RCT

(n =2) Non-adult reference populations

(n=1) Intervention via SMS or website (not app)

Articles included in the review (n=1) Abstract/summary

N=14

Figure 1. Search results and selection process.
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We used a standardized form for extraction of the following data: study details, population and
sample details, objectives, study type, study duration, intervention methodology, measures used,
and results summary. Four authors reviewed the 14 articles independently and discrepancies were
resolved by discussion with the lead author as necessary. All data were analysed both qualitatively
and quantitatively.

3. Results

3.1. Population and Sample

The 14 selected studies (see Table 2 for details) were carried out in the USA (six studies [17-22]),
Australia (two studies [23,24]), UK (one study [25]), Sweden (one study [26]), Israel (one study [27]),
Pakistan (one study [28]), Denmark (one study [29]), and Belgium and Israel simultaneously (one
study [30]). Study participant numbers ranged from 40 to 301 and nine of the 14 studies had sample
sizes less than 100. Moreover, ten studies included participants of both sexes, although in seven of them
women outnumbered men, three studies exclusively included men [23-25], and one study exclusively
included women [27]. One study each was aimed at people with technical experience interested in
healthy living [23], and at people without technical experience [19]. Participants were aged 18 to
69 years. Mean age reported was between 20.63 and 66 years. The body mass index (BMI, in kg/m?) of
the individuals varied considerably (from 25.5 to 34.6), three studies did not report BMI [18,25,30],
and two studies reported the percentage of overweight and obese participants by group [21,24]. Finally,
only two studies provided information on abdominal circumference in women and men [17,27].
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Table 2. Details of the 14 reviewed articles.

50f17

Study Population and Sample Objective(s) Type & Duration Intervention Measures Results Conclusions
App-based behavioural interventions Change at 6 mo
plus professional guidance PA (mean h/wk)
Goals: 5% weight loss and 150 min -(IC): -14
EAVPA . Start and 6 mo :Eiclgig;’)_i?? 6
N =68 roups: -Weight, height, BMI SP): 0.1 9‘ i -No statistically significant
Age: 21-65y - e  GroupIC (N =18) -PA (7D-PAR) “SD): 0. differences between the 4
! To evaluate feasibility, . d BMI
BMI: 28-42 acceptability and -Intensive counselling -Estimated energy (IC): 0.8 groups
USA reliminary efficacy of Pilot RCT = expenditure -(IC+SP): 1.8 -Satisfaction and
Allen [17] Women: 78% }s)mart hon};—base dy 6 mo ¢ Group IC+SP (N =16) -Food intake over 3 d -(LIC +Sl;)‘ 11 improvements: possibility
Means: P -Intensive counsellin, -Diet and PA record . of automatic PA and weight
behavioural s -(SP): —0.7 &
Age: 449y . . -Smartphone intervention monitoring. S recording
Weight: 97.3 k interventions -Intervention Weight loss -No dropout differences b
ght: 97.3 kg e Group LIC+SP (N =17) tervention >5%: 64% (IC+SP); 40% (LIC+SP) pout | Y
BMI: 34.3 satisfaction (in-depth o A= oo sex or ethnicity
-Less intensive counselling interviews) <5%: 25; (IC); 20% (SP)
-Smartphone intervention (I)ther dd
_ -Improved diet
° Group SP (N =17) Retention:
-Smartphone intervention 59-69%
Change at 3 mo
Intervention based on behavioural PA
theories on changing habits. Pedometer (steps/d)
Groups: -C:575.4
-1: 1588.2
e C:Control (N =24) Start and 3 mo MVPA (min/wk) N
if 1 for 3 mo on -Change in steps/d: ~ -C: 26.1 -No significant
N =50 To evaluate Life as normal for 00 g€ In steps/a: Tea between-group differences
Age: 18-25y Men rogramme (Heyman) intervention waiting list pedometer L1541 for steps/d, diet quality or
ger ey progre ey 3 . — -Diet quality (score): Diet quality (score) ps/d, q ¥y
Australia viability and impact Pilot RCT e L Intervention (N = 26) AES-FFQ C:23 wellbeing
Ashton [23] Means: on PA levels (steps/d ~Website with resources Ch in lifestvl T e -Viability of programme
. d di 3 mo . Changes in lifestyle, I:5.9 d A f
Age: 221y and MVPA), diet, -Jawbone wearable PA tracker with psychological, Wellbeing (total score) emonstrated for a
BMI: 25.5 subjective wellbeing associated app for goal setting and " subsequent RCT
Pp tor g 3 anthropometric and -C:0.5 .
Steps/d: 6994.4 and other measures health behaviour self-monitoring physiological 109 -RCT not de&gnefl to detect
-Group/individual face-to-face measures Other between-group differences

sessions

-Private Facebook discussion group
-Gymstick™ resistance band.
-Portion planner disc™

Improved diet, weight loss, other
Use and acceptability
Reasonable levels for most
programme components
Retention: 94%
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Study Population and Sample Objective(s) Type & Duration Intervention Measures Results Conclusions
Social cognitive
theory/self-regulation theory. ManUP
intervention based on challenges (6
PA+1 diet) adapted to starting level X
(light, moderate, intense) Online surveys at 0, 3, PA (min/wk)
Groups: 9mo -IT vs IP = 1.03
IP (N = 96) PA 3movs0=1459movs0=155
L] = .
. . AAS (total min. PA + DA (sessions/wl)
To assess effectiveness -Hardcopy educational PA and number of PA -IT vs IP = 0.97
of technology-based healthy diet materials-Progress ;i E /(x)/vk) 3movs0=1.61;9movs0=151 ManUp effective in
N =301 (IT) compared to self-monitoring using recording Sessionsy Diet (score) . p etiectiven
Men paper-based (IP) RCT forms Diet -IT vs IP = 1.02 improving PA and diet,
Duncan [24] Age: 35-54y interventions in 9 mo -No information provided on other Adap te(,i Australian -3movs0=1.07;,9movs0=110 b]."lt no significant
Australia improving PA, eating participants population survey Health literacy differences between
behaviours an:i health -Hardcopies not collected -> no (s;(l;or;rgﬁpess})/chometric -Significantly more IT than IP interventions.
literacy information obtained on challenges properie participants considered MVPA of
Health literacy
or self-control PA and diet surveys 20 min/d x 3 d/wk to be essential for
° IT(N'= 205 Satisfaction }I;iiletr}:tion- 49.2% (lower in IT grou
-Material as for IP group Likert scale 46.8%) i group,
-Automatic feedback on progress and
goals
-Possibility of social (website)
interaction with other participants
PA- from 34.88 to 46.77 min in MVPA
PA - increase 11.90 min/d PA in
-Actigraph conditions (d = 0.70)
accel%rofne ter X 7 d —5.94 extra min/d PA for rewards
(wk 1 and wk 12) IPrlsoci;l\i)esocial variables
Interventions based on social -MVPA (>1952 Y X . .
o . -Less self-efficacy in overcoming
cognitive theory plus SM.A.R.T. counts/min) . . _
1 OTHER barriers for no-points module (d =
gG?rijps’ Self-efficacy ~0.39)
To determine e AN=29 -Modified BARSE gjvzelft-ifnﬁel—c a(c)?nts— oals interaction
N =116 individual and . -Modified EXSE was sy1 iﬁcfnt ( —go 01) Individuals in all
Ag_e‘ 30-54y combined impact of a _gaSIIC appd 1 -LSE Lifest§1r; self: effic_aq; conditions improved daily
el - . -0als module Perceived barriers 4 o . PA
Smeie&t\a;g Ap;i(r;/::]plli;nfs (<30 :;lfi-r;fhr::)(;:tri\cila PP RCT -Rewards system (points) -Perceived barriers solnzgg:: }(DOTBIS;TmCHOH was -The rewards module was
Fanning [15] USA modules (goals and 12 wk e BWN=3D scale -Ggoal settinp o effective in promoting PA
Means: rewards) (;gn -Basic aj Expected results -06:59 more Enits in perceived abilit; change
Age: 4i 38 moderate/intense PA -Goal rﬁpdul -MOEES t ; t goals for th irlft rvention (d —y -Positive evaluation of
Wg; nASO‘;, © }el ¢ iale se oals module Goals Oossze) goals for the Interventio ~  motivational SMS and
ome ° psychosoc e C(N=26) EGS e . . request for more such SMS
outcomes and app use Basi Use and usability -Better perceived ability to set goals
-basic app . with the points system (d = 0.99)
-Rewards system (points) 'aACC:SS recorded to Expected results
e DN =30 . g pen Lestions on Slight-moderate increase for points
. pen que system (d = 12:28), decrease for
-Basic app acceptability no-points system
-Ease/difficulty b Y

associated with use of
each module (5-point
Likert scale)

Self-assessment (p = 0.07)
Slight-moderate increase for points
system (d = 12:25), decrease for
no-points system

Retention: 88%
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Study Population and Sample Objective(s) Type & Duration Intervention Measures Results Conclusions
Gait speed (primary
results)
-Walk 1 min on Gait speed (M/s)
treadmill Start
-Usual conditions: Significant improvement at both
comfortable dual-task  speeds for (I) and (C): -CuPiD was feasible,

To determine

Groups:
. I: CuPiD (N = 22)

(DT) speed while
reciting as many
words as possible

~-(I) 9.0% (comfortable) and 13.5% (DT)
-(C) 5.2% (comfortable) and 5.8% (DT)
Stamina and physical capacity

well accepted and effective
in promoting gait training,
with participants improving

N=40 feasibility and —Wge kly vh(')me visits . starting with a 2MWT in equal measure
Age: N/K . -Gait training 3 X 30 min/wk o .
- . . effectiveness of . . pre-specified letter Start -The impact of (C) can be
Participants with Parkinson . -Phone with ABF-Gait app: . o . .
o real-time feedback on o . Secondary gait and Gait improvements were also interpreted as small, while
L. on stable medication, . RCT6 wk + positive/corrective comments on the . .
Ginis [30] able to walk 10 min gait performance 4wk follow-u fl balance noticeable for the 2MWT that of (I) can be considered
non-sto (CuPiD) compared to P y 2MWT PASE (0-400) clinically moderate and
P conventional gait e  C:Active control (N =18) -Mini-BESTest (I): balance significantly improved comparable to similar
MoCA score >24 L . - -
. training in the home “Weekly home visits -FSST (Mini-BESTest) in post-test (from 24.8  studies
Belgium & Israel . Y .
setting -Gait training 3 X 30 min/wk -FES-1 t0 26.1, SD = ~5) -Balance was improved
-Personalized on-the-fly advice -PASE (I): QoL maintained (SF-36) at more with(I) than with
_No CuPiD FOG severity follow-up conventional training for
NFOG-Q and Ziegler  (C): QoL reduced (from 50.4 to 48.3, Parkinson
protocol SD = ~16) at follow-up
Cognitive Other between-group differences
evaluations were not significant
CTT and VF when
sitting and walking
PA
Mean steps/d recorded:
C) = 2822
G : (
Toups (ID) = 3842
No 15 e  C:Control (N =49) (IS) = 3984
Age: 2240y No feedbal\ck or access to interactive ~ Steps/d Compared: ) -Apps to count steps can
app functions App measurement of 1) vs (C) +60% . .
Men To determine impact PP steps/d (IS) vs (C) +67% increase PA in young men
. UK p RCT e  II: Individual feedback (N = P ° -Feedback increased PA,
Harries [25] of feedback on Other Other Lo
Means: 8 wk 53) . but there were no significant
Sedentary work 50% number of steps Attitudes to PA and -Any form of feedback (II) and (IS) differences between the 2
¥ work 977 Personal feedback on steps perceived barriers explained 7.7% of inter-subject ! S betw
Regular sports 59% feedback groups

Motorized transport 63%

. IS: Social feedback (N = 50)

Individual compared to group
feedback on steps

(start and end surveys)

variability in step count (F = 6.626, p
< 0.0005)

-Differences between the 2
intervention groups were not
statistically significant

Retention: 92%




Int. |. Environ. Res. Public Health 2020, 17, 8238

Table 2. Cont.

8of 17

Study Population and Sample Objective(s) Type & Duration Intervention Measures Results Conclusions
Groups: Primary measure
e I Intervention (N = 86) Adherence to PA
I . . ticagrelor PA sessions/wk (SD)
-Interactive patient support app Secondary measures O =+15
-Missed dose: SMS the next day + y o
N =166 educational message -Changes in (C)=+1.0
Age: >18y . & cardiovascular risk PA m/wk (SD)
X . . -Prevention education modules
Patients with myocardial (referenced medical information) and factors (BMI, PA, I =+15
infarction receiving To evaluate an app sr:;r:\aifze d ;e:sa e ((;ta tuso smoking) (C) = +65.0
ticagrelor aimed at improving pr ress) & ’ -QoL PA > 150 m/wk -PA increased in (I)
Johnston [26] Sweden treatment adherence Multi-centre RCT —Fl’izilfssiie treatment adherence -Satisfaction (I) = +33.8% compared to (C)
Means: and lifestyle in 6 mo module Scales and surveys (C) =+21.1% -Users would recommend
Age: 58y patients with Exercise -EQ-5D VAS (visits 1, Change in QoL use of app to others
Men: 81% myocardial infarction Weight 2,3) (EQ-5D VAS)
BMLI: 29 —Sm(;gkin -PA surveys (visits 1,2, 14.7 vs 8.4 (p = 0.059)
Diabetes: 13% —Possibiligt of recording blood 3) Positive trend for (I) with respect to
Smokers: 21% rossure Zholesterol ar% 1 olucose -MARS-5 (visits 2, 3) (C) but not statistically significant
pressure, g -SUS (visits 2, 3) Satisfaction
e  C:Control (N = 80) Support app also Significantly higher in (I) vs (C): SUS
-Simplified app evaluated for active 87.3vs78.1 (p = 0.001)
-Missed dose SMS the next day group
Groups:
e  C:Control (N = 24) Moderate/intense PA
) Dailv PA Differences between groups p =
-Diet control to monitor daily eating aily a“dh X 0.04-0.005 -Social app users
behaviour ) ) S;r‘:le‘r‘t‘a;y :e AVIOUT(1.2) vs (C): d = 01:05, CT = 044, 1.67  significantly increased
Custom apps sharing basic ﬁ rpn‘: ter (I-2) vs (I3): d = 0.89, CT=0.27,15  MVPA (weekly
functions: _a\ﬁsﬁg c;)at:(;) or 1o (I-2) vs (I-1): d = 0.89,CI=0.27,1.51  accelerometer) relative to
N=89 . I-1: Analytical app (N = 21) more than 60 Sedentarism the other 3 groups
Age: >45y To evaluate 3 Emphasis on personalized and consecutive 0 values Differences between groups p = -Social app users overall had
No smartphone experiences  personalized PA apps uaEti tative Eals behavioural (non-wear time) 0.02-0.001 significantly greater
MVPA <60 min/wk based on conceptually ? dback. ti 8 b lr ot Valid dav: minimum (I-2) vs (C): d = 1.10, CI = 0.48, 1.72 accelerometer-derived
. Seated >10 h/d different motivational RCT eedback, tips to promote cay: (I-2) vs (I-3): d = 0.94,CI = 0.32,1.56  sedentarism
King [19] . behavioural change and 10 valid h/d S _ . .
USA frameworks in 8wk R . (I-2) vs (I-1): d = 1.24,CI = 0.59,1.89  -Social and affective app
. . problem-solving strategies -MVPA (>301 . .
Means: comparison to a . counts/min) Seated time users reported less time
Age: 60y commercial control o I-2: Social app (I-2) (N = 22) -Sedentarism (<56 Differences between groups p < 0.001  seated than users in the
Women: 75.3% app -Emphasis on social support for counts/min) (I-2) vs (C): d =1.59; CI = 0.92, 2.25 othelzr 2 groups
BMI: 28.8 behavioural change, normative social Daily self-report (I-2) vs (I-1): d =1.89,CI = 1.17,2.61  -Satisfaction was high
feedback, behaviour modelling and measures (I-3) vs (C): d = 1.19, CI = 0.56, 1.81 among users
group collaboration and competition  _gpjA (I-3) vs (I-1): d = 1.41, CI = 0.74,02.07  -No significant
. . . . 91.3% of social app users used the between-group differences
o I-3: Affective app (N =22) -Brisk walking min/d

-Reinforcement programming,
reasons and motivation for
connection and gamification

-Sitting time, h

message board (total: 775 SMS).
Retention: I-1 (95%), I-2 (100%), I-3
(92%), C (89%)

in app use
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Study Population and Sample Objective(s) Type & Duration Intervention Measures Results Conclusions
Fitbug Orb (app with accelerometer
linked to intelligent SMS system) PHASE I
Goal 10,000 steps/d Change in steps/d
Groups/phases: No significant change/difference

PHASEI (wk 2-3)
e I:Nonblind (N = 32)

Primary result
-Mean change in

between groups
Activity min/d
No significant change/difference

—48% of participants

N =48 -Tracking access via website or app: accelerometer-counted betwoen 2rotps achieved 10,000 steps/d at
Age: 18-69 y -steps/d- step/d from baseline to °n group the study start.
; i . Aerobics min/d . .
Cardiology outpatients activity time phases I and I Smaller sienificant d in ti -PA trajectories were
MVPA for >30 min/d for -aerobic activity time -Achievement of goal mater sigiticant cecreasein e - gifferent for the 3 groups:
X . limit in (I) (8 min difference, 95% CI:
less 3 day/week To assess if a fully -previous data history of 10,000 steps/d 0-16, p = 0.05) For (C), but not for (I-1) or
IL\J/IzI:nS‘ automated mHealth Pilot RCT ‘ C: Blind (V=16) —SCeISZrI: d: fr}; lr°?%s/Llc11 “ PHASETI (I;(Z’)),rtel“;:igv da;v?mward
Martin [20] Age: 55 intervention with 5wk “No access to tracking —Change in aerobic Change in steps/d Erengd over time, while for
Sex: Men 54% :;acf_l;;:g;;i texting PHASEII (wk 4-5) time (>10 min Zﬁ;::?ﬁ?f_ggj::?fﬁef ril)autw:at (I-1) the clear upward trend
BMI: 31 e  I-1: Tracking and SMS (N =16) continuous walking 10,000 steps/d (p = 0.02) group was due to SMS
Diabetes: 23% A to tracki with no pause >1 min) i steps/c P =0 -PA increased with
i % s e -Satisfaction Activity min/d automatic intervention with
Cardlopathy 29 o -Personalized SMS in doctor’s name ; . Increase in (I-1) by 21 min/d (+23%) A
Hypertension: 50% (x 3 per d) (end-of-trial online Aerobics min/d but not without SMS ->
Steps/d: 9670 -Positive reinforcement SMS su:;/ley, litati d Statistically very significant increase gr;\j[rsease depencied on the
-Reinforcement SMS Wit qra ative anc - in (I-1) by 13 mir/d (+160% relative componen
. quantitative elements). h
e  I-2: Tracking (N = 16) to ot fer groups)
. Satisfaction
-Access to tracking/no SMS -PA tracking: mean 4.0 out of 5.0
e C:Blind (N =16) -SMS: mean 3.8 out of 5.0
-No tracking access
Start
Goal: PA 150 m/wk -Demographic and
Groups: medical data on cancer PA
-BMI .
e C:Control (N = 140) -Comorbidity (1) 19.4-60.0 min (MPA)
N=284 -NCI booklet: Facing Forward: Life conditions (OARS) (S) 15‘5_‘410‘34 min (MPA) .
Age: >21y (*) Non-significant intervention effect . .
Colon cancer (stage I-II1 After Cancer Treatment App (group (I) only) (F(1,221) = 2.404, p = 0.122) -Greater increase in MVPA
treatment com le%e ) ! To assess -NCCS Cancer Survival Toolbox -Number of session 9 m; =S P =0 in (I) relative to (C)
P Survivor-CHESS app -Pedometer. started . -PA increased over time in
PA level <150 min/wk : t on PA in col P iewed -Intervention effect for the same both ith
Absence of other cancers tmpact on B4 In co ((;n RCT e L Intervention (N = 144) SI?/%Se ® v1eéwet outcome at 9 mo controlling for ot fgroutp; “tilv ne
. cancer survivors an & conten - significant between-grou
Mayer [21] (except skin cancer) explore 6 mo + -Material as delivered to (C) JInternet use o'utc‘o‘me at 6 mo was not statistically digfferences group
ﬁi[:ns‘ Survivor-CHESS 3 mo maintenance -Smartphone with SurvivorCHESS convenience (5-point Elggél;lcant (F1,202) =0722,p = -Patients with higher BMI
Age: 58 impact on QoL and app (voice/data service) with: Likert scale: 04, No sienificant between-grou and more comorbidities
890y anxiety -skills development (My Tracker/Be  min-max). "o S8 . sroup were less likely to increase
Men: 48.5% Mobile). PA differences for intervention effect PA

Caucasian: 89%
Obesity: 69.5%

-support services (My Friends).
-information services and tools (My
Cancer Care)

Note: After 6 mo, certified trainer
available to users through app

-GPAQ: during 1 wk,
mean for exercise type
(intense, moderate,
light) >15 min

-Total min: weekly
frequency of MVPA

sustainability at 9 mo
Dropout (6 mo):

(C) 28.1%

(I) 18.2%
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PA
-Steps/d measured by
app .
Groups: ]\)/emograplucs PA Notabl ol both
i Not ioht .
To evaluate PA e I Intervention (N = 28) qjer:t)i‘;imires (C) = 47314.36 steps vs (1) = 57799.61 gn;’u; le weightlossin bo
N =56 increase and weight -Increasing financial incentives for -BMI ;t]?;sﬁ 1>0 2;05 -No significant difference
Memon [28] Age: 1825y loss in university RCT steps/d Secondary variables © ggs 67 kg (start) to 67.96 kg (end) between the 2 groups in
Women BMI > 25 students using 5wk -ProtoGeoO app -Body image -0 OO' 4 8 Jox8 'P weight loss and steps
Pakistan fin;ncial intce}r:tives e  C:Control (N = 28) p:rcgp:ions (1) 72.13 (start) to 70.97 kg (end), iél'cre'a;e dron
and a smartphone aj -Anxie -Significant drop in app use
i PP -No financial incentive —Weighty control p <0001 ovir time PR
-ProtoGeoO app strategies Retention: 100%
Measurements based
on various
questionnaires
PA
Groups: Start and wk 14 _LOW f"hvt:yo<11502n;m -App motivates users to
-Weight Start: (C) 45% (I) 28% significantly increase PA
. R . % 3%
. I: Intervention (N = 56) -Waist circumference I‘{N k lfm(‘cijsé 1(2)1;()30/.1.1“.& . time/wk. More users
N=85 -Introductory session on healthy -Evaluation (online ( Ce)c;) 09 (; 3 6350/ art increased PA to >150
- To compare adherence lifestyles, weight change, nutrition, surveys) on ° e min/wk.
Age: >18y ) e -Wk 14: (C) 25% (I) 32.7% .
f . to a healthy lifestyle PA nutritional knowledge, . . . -Greater weight loss for (I)
Technical experience . . . High activity >300 min
L between an app group -Access to eBalance app without diet quality and PA than (C)
Healthy living interest -Start: (C) 25% (I) 34.7%
Naimark [27]  Israel receiving educational RCT face-to-face support (28 items on type, Wk 14: (C) 20% (T) 50% -Significant increase in
information and a 14 wk -Diet and PA control tools that also frequency, . ° ° nutritional knowledge in (I
Means: 4 ¥ Mean PA change 8 )
Age: 479y gzloupt'recellvmg only educate on health a;ll:alt;on/wk) (1) 63 min (SD 20.8) vs (C) =30 min -Ereq;lentt;;pp use'\/\;aid .
Womens 6% educationa . C:Control (V=29) WK1 s> 275, sgnifianty asodated i
information - usabilif . reater success (p < 0.
BMI: 25.8 -Introductory session on healthy (frsguency and Mean' weight and BMI change -%\/Iost users stater:;l that the
lifestyles, weight change, nutrition,  convenience) (1) weight _(é)“ kg (SD 0.4), app helped themythey
PA -Satisfaction BMI ~0.48 would recommend it to
-Life as normal questionnaire weight —0.128 kg (SD 0.36), others

BMI —0.03
Retention: 86%
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ENGAGED intervention: technical I‘,/f;mfty r:sltlt; 6 Weight loss
and social weight control measures ) el%z (start, 3 mo, 6 mo
Groups: —mSi(;ni ﬁcnalgi weight -Higher in TECH and STND than in
. SELF: self-guided (N = 32) loss (25%) SELF (25.7 kg [95%ClI: 27.2-24.1] vs
A ) 22.7 kg [95%CI: 25.1-20.3], p < 0.05)
-Calorie counting book -Goal for all groups: 2mo
N =9 “Hardcopy self-monitoring diaries (6 (7a/° ":z;g}g é‘ijsk gy Loss 25% for 47% STND, 28% TECH
Age: 18-60y mo): diet, PA, weight B§l1pavi6ur'al and 25% SELF (non-significant
BMI: 3040 To determine the e  STND: standard (N = 32) adherence (mo 1-6) differences) -Self-control adherence to
No weight loss >11.3 kg in impact of 3 weight _As for SELF _Diet self-monitoring: Self-control adherence (6 mo) PA higher for TECH than
previous 6 mo los}s) interventio;g;s RCT -8 group sessions 9% davs with intake & -Self-control of diet, PA and weight for SELF and especially so
Spring [22] USA . . . 6 mo + 12 mo ; 3 0 Ay (% day adherence) greater for TECH  than for STND
with/without trainin, -Coaching phone calls (1/wk first 8 >1000 cal/d .
. g =
Means: X follow-up k. then 1 ... o and STND than for SELF (p < 0.001)  -Weight loss was not
and mobile wk, then 1/mo) -PA self-monitoring: % X X : A . .
Age: 393y technolo. . davs PA reported or -Higher PA in TECH 56.8 (4.8) than in  significantly different in any
Women: 84.4% gy e  TECH: technical (N =32) detyecte i P STND 30.5 (4.4) or SELF 9.8 (2.4) group at 12 mo
Weight: 94.8 kg -Smartphone Treatment fidelity
-Goals (45-175 . .
BMI: 34.6 -App min/wk) -Training time (1-6 min): greater for
-Shimmer accelerometer for 6 mo AN TECH (285.71 min [SD = 83.9]) than
0 Fidelization h
-8 group sessions -Phone call/monitorin. for STND (202.8 min [SD 89.4]):
-Coaching phone calls checklist: 2 X mo for ¢ F(l, 61) = 14.39, p < 0.001
-SMS and social network mo 1-2 t'hen 1 xmo Dropout (12 mo)
At 3 and 6 mo, competition between from mlo 3 (to -Higher for SELF (25.0%) than for
groups with financial incentives intervention end) STND (12.5%) or TECH (3.1%)
PA
-Adherence to IWT
(total accumulated
time during the PA
N=37 Groups: intervention in -I: 434 min overall more than C
A ;. 30-80 . C: Control (N =19) InterWalk data) -I: 36 min/wk more than C
8¢ y To investigate . Other secondary -Goal achievement: 47% I and 11% C s
DM-II s -InterWalk for IWT (>90 min X >3 o1s -The I combination is
feasibility measures Usability . -
Denmark d/wk) . . suitable for achieving IWT
Valentiner [29] Means: of IWT adherence RCT . (exploratory) -Women more participatory in the adherence
’ using EMA and 12 wk e I Intervention (N =18) -Usability of SMS experimental group . .
Age: 66y InterWalk in patients -Self-reported PA Satisfaction and perceptions -Men respond less to SMS
Women: 65% . -App use as for controls e I o e than women
BMI: 28.5 with DM-II -Individual goals via interview —Sat1§ff1ct19n with trial ~ —68% very satisfied ) )
Body fat: 37.9% -Automated survey each wk participation —78% intended to continue using app
U _Phone call on IWT barriers -Quality of life after intervention end

(Short-Form Health)
Survey (SF-12)
-Anthropometric
measurements

Retention: 100%

Abbreviations: General: BMI, body mass index (kg/mz); DM-II, diabetes mellitus 2; FOG, freezing of gait; IWT, interval walking training; M, metre; mHealth, mobile health; MPA, moderate
physical activity; MVPA: moderate-to-vigorous physical activity; NCCS, National Coalition for Cancer Survivorship; NCI, National Cancer Institute; PA, physical activity; QoL, quality
of life; RCT, randomized controlled trial; SSM.A.R.T. (goals), S-specific, M-measurable, A-attainable, R-realistic, T-time oriented. Time: d, day; h, hour; min, minute; mo, month;
s, second; wk, week; y, year; X, times. Instruments: 2MWT, Two-Minute Walk Test; 7D-PAR, Stanford 7-Day Physical Activity Recall; AAS, Active Australia Survey; AES-FFQ, Australian
Eating Survey Food Frequency Questionnaire; BARSE, Barriers Self-Efficacy Scale; CTT, Color Trail Test; EGS, Exercise Goal-Setting Scale; EMA, Ecological Momentary Assessment;
EQ-5D European Quality of Life-5 Dimensions; EXSE, Exercise Self-Efficacy Scale; FES-I, Falls Efficacy Scale International; FSST, Four Square Step Test; GPAQ, Global Physical Activity
Questionnaire; LSE, Lifestyle Physical Activity Self-Efficacy Scale; MARS-5, Medication Adherence Report Scale; Mini-BESTest, Balance Evaluation Systems Test; MoCA, Montreal Cognitive
Assessment; MOEES, Multidimensional Outcome Expectations for Exercise Scale; NFOG-Q, New Freezing-of-Gait Questionnaire; OARS, Older Americans Resources and Services
Multidimensional Functional Assessment Questionnaire; PASE, Physical Activity Scale for the Elderly; SE-36, Short Form-36 Health Survey; SUS, System Usability Scale; VAS, Visual
Analogue Scale; VF, Verbal Fluency Test.
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In the recruitment of participants, frequently taken into account was the level of physical activity
(little, moderate or intense) or the need for no additional conditions limiting exercise capacity or
non-participation in any other programme (e.g., for weight loss). No studies recruited athletes or
physically very active persons, while two studies specifically recruited people with low levels of
physical activity [19,20]. Patients with previously diagnosed pathologies were exclusively recruited in
seven studies: obesity [17,22], type 2 diabetes [29], colon cancer [21], heart conditions [20], myocardial
infarction [26], and Parkinson disease [30].

3.2. Interventions

In six of the studies [17,22-24,27,28], the goal of increased physical activity was part of a programme
to change habits or lifestyle that also covered eating habits and weight loss. In the remaining eight
studies, the main objective was to increase physical activity, although other secondary objectives may
have been included, such as assessing quality of life, anxiety levels, or intervention adherence.

Intervention duration was six months or longer in five studies [17,21,22,24,26], two of which
included follow-up [21,22], while duration was three months or less in the remaining nine studies.

All the studies required a mobile phone to be able to use the app. In some studies, participants
were specifically required to have a smartphone or internet access [17,20,24,26-29], while a monitoring
device was provided in other studies [18,19,21-23,25,30].

Of the 14 studies, nine were based on automatic recording of physical activity data (via pedometers
and accelerometers), while the remaining five studies required users to manually enter physical activity
data in the app [17,18,24,26,27].

Of the 14 studies, six included an intervention via app combined with SMS delivery, either as
reminders or as reinforcement [17,18,20,26-28], while social interaction was included in the 8 remaining
studies [19,21-25,29,30]. With the exception of studies 18 and 24 that included economic incentives
linked to the increase in PA, the rest of the studies were based on socio-cognitive or behavioral
theories for changing habits, including some kind of feedback (either individual or collective) as
a motivational component [17,19,20,23-25,30], and offered educational information (face-to-face or
through app educational modules) [17,21,23,24,26,27].

3.3. Measurements and Results

All 14 studies measured variation in physical activity from the beginning to the end of the
intervention (depending on their duration, some studies included intermediate measures). Physical
activity was measured in hours or minutes per day or week, number of sessions, and/or number of
daily steps. Data was obtained automatically via an accelerometer or pedometer in 10 studies, or was
self-recorded or obtained from the Global Physical Activity Questionnaire (GPAQ) or International
Physical Activity Questionnaire (IPAQ) in the remaining four studies. Sedentary lifestyle details were
explicitly recorded in one study [19], while perceived barriers were considered in three studies [17,25,29].

Other measures considered were weight loss [17,22,26], quality of diet and dietary habits [23,24,27],
BMI [17], wellbeing [23], lifestyle changes and mental health (distress, anxiety, depression, etc.) [21],
and health literacy [24]. Frequency of app use, app usability, and participant satisfaction were other
measures common to several studies [18,20,23,24,27,29].

In the studies aimed at patients with specific pathologies, variables typical of the condition of
interest were also measured. For instance, in their obesity study, Allen et al. [17] measured abdominal
circumference. In their study focused on myocardial infarction, Johnson et al. [26] measured adherence
to ticagrelor as the primary outcome, and also changes in cardiovascular risk factors, quality of life,
and patient satisfaction with the intervention. In relation to Parkinson disease, Ginis et al. [30] focused
on gait speed (not only comfortable speed, but also double-task speed), secondary gait, freezing-of-gait
severity, balance, and Parkinsonian-related and other cognitive evaluations.
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3.4. Analysis

Despite differences in duration, design, and variables, 13 of the 14 included studies reported an
increase in physical activity. The only exception was the pilot study by Allen et al. [17], whose results
were not statistically significant, probably due to the small sample size and less than robust retention
strategies. Although the increases in physical activity were moderate, the studies that included
other variables also highlighted improvements in diet [23,24], weight loss [27,28], or adherence to
treatment [26]. However, in some cases it was reported that increased physical activity [21] or
weight loss [22] were not maintained after the intervention ended at nine or 18 months, respectively.
Naimark et al. [27] also demonstrated the positive impact of an app, although they indicated that
long-term studies would be necessary to reach more definitive conclusions.

Some characteristics and components of the apps associated with effectiveness in increasing PA
seems to be related with setting goals or receiving feedback, rewards, or educational information led
to improved motivation and results [18,19,24-27]. Other findings were that receiving motivational
messages was perceived as a positive factor [18], apps adapted to people with little experience of
technology were well received [18], people with less technical knowledge had more problems adhering
to technology-based interventions [30], and men were possibly less likely to respond to reminders
than women [29].

Regarding acceptance and satisfaction with the interventions, study participants valued very
positively personal or group sessions and the use of mobile apps. Users who did not use an app
considered that a data recording device would have enhanced their motivation [17]. Although the
participants stated that they remained motivated and eager to continue with the intervention [20,29,30],
or intended to continue using the app [27], in several studies (especially the longer ones) a decrease
was observed in the use of the apps over time [18,21,22,24,28].

4. Discussion

Our review of different studies of mobile apps used to promote physical activity suggests that such
interventions are well accepted and can facilitate success in achieving moderate or intense physical
activity levels. Although the analysed studies are generally of short duration and the increases in
physical activity are modest, the accessibility and flexibility offered by the applications could be useful
to increase the number of people who adhere to the recommended levels of PA and thus reduce the risk
of non-communicable diseases such as coronary heart disease, obesity or type 2 diabetes mellitus [31].
Although the increase in physical activity seems to be greater in those applications aimed only at
increasing PA, it is important to consider that the studies that also include other healthy behaviors have
positive results as well [23-28]. Therefore, it could be interesting to work in conjunction to promote
healthy lifestyles and thus have a positive impact on reducing costs for the health system.

Around a quarter of the participants in the study by Allen et al. [17] considered the use of a
smartphone app the most useful aspect of the programme, while all the participants considered that a
tracking device would enhance their motivation to increase physical activity levels. Likewise, several
studies reported that users were interested in continuing with the programme and using the app,
and would recommend it to friends [27,29,30]. This would suggest that health apps may not only help
users maintain a healthy lifestyle but that their use could be transmitted at the social level.

Regarding the association between greater use and goal achievement, Naimark et al. [27] showed
that heavier device users were more oriented towards a healthy lifestyle and tended to obtain better
results (measured as the number of steps). Adherence to app-based treatment is an important issue in
greater frequency of use [32], while it has been suggested than an automatic step-counting system
could improve the acceptance of strategies to increase physical activity [17]. Message delivery [20] and
individual and social feedback [18] were reported to be key factors in the success of some interventions.

Our review has some limitations that need to be taken into account in future studies. The number
of participants in the different studies, as well as study duration, would suggest a need to carry out
longer-term studies with larger samples to determine if interventions would continue to retain user
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interest and whether they would be sustained over the long-term [17,19,27,30]. Given that several
studies link sedentary lifestyles with mortality, King et al. [19], for instance, strongly recommended
expanding RCTs.

Another limitation was that only some of the included studies included post-intervention
follow-up [21,22,30].

Regarding sampling, a possible limitation to interpreting results is that groups need to be
balanced in number and sex [27]. The study by Valentiner et al. [29] suggests that men may show less
involvement than women in responding to messages. Other studies confirm the greater predisposition
of women to actively participate in programmes compared to men [33,34]. King et al. [19] suggested,
in relation to behavioural interventions like that of their study, that subgroup analyses were necessary
to identify tailored interventions for particular individuals and circumstances, as this would “improve
the personalization of e-health interventions and optimize success”. Harries et al. [25], for instance,
whose study recruited only men, considered that women’s clothing might mean they would not
always carry their smartphone with them. This would suggest that, in designing effective intervention
programmes, it is essential to understand psychological determinants underlying self-management of
a change in habits [27].

For interventions involving automatic data monitoring devices, the choice of accelerometer or
pedometer is important in terms of ensuring reliable data collection, as initial testing is often necessary
to calibrate the sensitivity of devices [10]. According to King et al. [19], the fact of needing to have
the device constantly to hand could represent a limitation, with the same authors suggesting that the
challenge is to develop monitoring devices capable of accurately capturing not only physical activity,
but also sedentary and sleep habits 24 h a day. Continuous monitoring that provides immediate
feedback is a motivator for change, as is manual recording (once it becomes a habit) and dynamic
information on progress, as such motivations improve the efficiency of a programme [25,35].

The ethical issues regarding the collection of personal data need to be taken into account. Beyond
the need to respect data protection legislation, the user must also consent to provide data. In the case
of the Spanish population, very concerned regarding the presence and use of their data online, 47%
admit that they did not fully review permissions for installed apps, and 21% do not do so for newly
installed apps [6].

Martin et al. [20] considers that not having a professional to motivate participants through personal
interviews is a possible limitation, despite the fact that their study obtained good results without such
a professional. Spring et al. [22], however, demonstrated that a coach interacting with the user during
the programme improved effectiveness for the intervention group compared to the control group.

5. Conclusions

People are increasingly using smartphones routinely in more areas of their personal and
professional lives. In the health field, apps are becoming an increasingly used means not only
to speed up medical consultations, but also to promote education in healthy lifestyles, proper diet,
and physical activity.

Mobile apps aimed at increasing physical activity can be effective in helping people acquire
healthy habits. Our review of 14 articles, despite differences in study duration, design and variables,
and despite the single exception of the pilot study by Allen et al. [17], would broadly suggest a clear
trend — that the use of apps increases physical activity. Many of those studies also suggest that users
would be willing to continue using the apps and would even recommend them, thus expanding the
scope of health interventions.

However, the success and effectiveness of health interventions and apps relies on their adaptation
to the target, attractiveness, ease of use, and adherence. Personalized interventions and apps
are key to achieving success with manageable goals adapted to individuals, their circumstances,
and their progress.
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Because motivation is essential to making sustainable changes in behaviours and lifestyles that
persist beyond the end of an intervention, attention must be paid to the success factors as highlighted
by many of the studies that analysed support and reminders, health education, and feedback on goals
and results. Social interactions, whether with other people using the app or with a health professional,
also seem to play a key role in increasing the effectiveness and sustainability of interventions.
Interpersonal contact would therefore seem to be an important issue to take into account when
developing mobile health apps.

A crucial aspect of developing and implementing mobile apps is that they must comply with
ethical and health criteria and with data protection legislation, and that they must obtain the user’s
consent to the use of their data. Likewise, users would need to thoroughly understand the app to
ensure that it is used efficiently and safely.

Further longer-term studies with larger samples are needed to confirm the effectiveness of apps in
increasing and maintaining physical activity levels over the long run. Going beyond usability and
retention analyses, research is also needed concerning ethical and privacy aspects with a view to
conducting exhaustive analyses of interventions aimed at enhancing the efficacy and safety of the
growing number of mobile health apps.
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